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@ A logic circuit is presented comprising a plurality 
of registers 30, 39; each register 30 having first 
register latches 31, 41 for clocking data into the 
register 30 in response to a first clock signal 37 and 
second register latches for clocking data out of the 
register in response to a second dock signal 38, and 
combinatorial logic comprising address logic 4 for 
addressing data to a register and first suppression 
^ logic 33 for inhibiting the first clock signal input to 
gg the register in responsive to the address logic, 
W wherein the logic circuit further comprises second 
^ suppression logic 34, 35 for inhibiting the second 
0> clock signal input to the register in collective re- 
^ sponse to the address logic and the first clock 
signal. 
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LOGIC CIRCUIT 



The present invention relates to a logic circuit, 
more specifically, to logic circuit including a cloc- 
king arrangement for clocking data through multiple 
bit registers in the circuit. 

Synchronous Complementary Metal Oxide 
Semiconductor (CMOS) logic circuits are common- 
ly designed according to a Level Sensitive Scan 
Design (LSSD) technique. These LSSD circuits are 
responsive to a combination of a C clock signal 
and a B clock signal. The C clock signal and the B 
clock signal are non-overlapping. More specifically, 
although they are of the same frequency, it is a 
requirement of LSSD that active periods of the two 
clock signals do not coincide. A register in the 
logic circuit, designed according to an LSSD tech- 
nique, consists of an array of Shift Register 
Latches (SRLs). An SRL consists of a first iatch 
responsive to the C clock signal and a second latch 
responsive to the B clock signal. When the C clock 
signal is true, an input data bit is stored in the first 
latch. When the B clock signal is true, the input 
data bit is passed from the first latch and stored in 
the second latch. For the purpose of explanation, 
and to highlight aspects of the present invention, a 
process by which a latch responds to a clock 
signal by storing a data bit shall hereinafter be 
referred to as clocking. 

Many synchronous logic circuits include a 
large number of multiple bit registers and may 
therefore contain thousands of SRLs. Power con- 
sumption problems can arise if such a logic circuit 
is manufactured by integrating CMOS devices on a 
silicon substrate. Logic gates consisting of CMOS 
devices consume most electrical power whilst in 
transience between logical states. This power is 
dissipated as heat. Therefore, the power consumed 
by many thousands of CMOS SRLs, switching on 
every clock cycle, makes a significant contribution 
to heat dissipated by a logic circuit. Such heat 
dissipation can restrict the choice of packaging 
material for encapsulating the logic circuit to those 
material with suitable heatsinking properties, which 
may not be the cheapest materials available. 
Therefore, since there is a demand for denser 
device integration and faster clock rates, to in- 
crease on-chip processing power, the need has 
arisen to examine methods for reducing power 
consumption associated with CMOS device tech- 
nology. 

Some synchronous logic circuits include regis- 
ters for storing dependent data groups as "set-up" 
parameters. Such data groups are modified infre- 
quently during normal operation of the logic circuit. 
When such a data group changes, an address 
word, associated with the data group, can be gen- 



erated by combinatorial logic in the logic circuit. 
The address word can be further decoded by the 
combinatorial logic to produce a true state in an I/O 
address line which is otherwise held false. In a 
5 similar fashion, other I/O address lines can be 
associated with other data groups stored in other 
registers in the synchronous logic circuit. In one 
such known synchronous logic circuit design, a 
separate suppression gate corresponds to every 

io register storing a dependent data group. The sup- 
pression gate prevents the C clock signal from 
clocking the first latches of a register unless an 
associated I/O address line is true. Such a function 
is referred to in the art as a gating function. This 

75 arrangement has the advantage that the use of C 
clock suppression can reduce the complexity of 
addressing logic and therefore the cost of com- 
binatorial logic in the logic circuit. Furthermore, C 
clock suppression also provides some reduction in 

20 power consumed by a logic circuit. However, while 
the C clock signal to a particular register may be 
inhibited, because a corresponding I/O address line 
is false, the B clock signal continues to clock the 
second latches in the register thereby causing un- 

25 necessary power consumption. 

The aim of the present invention, therefore, is 
to provide a clock architecture for minimising the 
power consumed by a synchronous CMOS logic 
circuit. 

30 According to the present invention there is now 

proposed a logic circuit comprising a plurality of 
registers; each register having first register latches 
for clocking data into the register in response to a 
first clock signal and second register latches for 

35 clocking data out of the register in response to a 
second clock signal, and combinatorial logic com- 
prising address logic for addressing data to a regis- 
ter and first suppression logic for inhibiting the first 
clock signal input to the register in response to the 

40 address logic, wherein the logic circuit further com- 
prises second suppression logic for inhibiting the 
second clock signal input to the register in collec- 
tive response to the address logic and the first 
clock signal. 

45 A logic circuit in accordance with the present 

invention has the advantage of providing a second 
gating function, applicable to the second clock sig- 
nal yet responsive to the first clock signal, by 
which means data is now only admitted to any 

so register when data stored therein is to change. The 
number of clock transitions undergone by second 
latches in the logic circuit can now be reduced. 
Since the first clock signal input to such a register 
may be subject to a first gating function, a mecha- 
nism is provided for further reducing power con- 
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sumed by a CMOS logic circuit. 

A particular embodiment of the present inven- 
tion, and aspects of logic circuitry to which the 
invention relates will now be described with refer- 
ence to the following diagrams in which: 

Figure 1 is a block diagram of a general logic 
circuit having an LSSD architecture. 
Figure 2 is a block diagram of an LSSD register 
structure for the logic circuit. 
Figure 3 is a block diagram of another LSSD 
register structure for the logic circuit. 
Figure 4 illustrates a timing relationship between 
the C clock signal and the B clock signal asso- 
ciated with the LSSD architecture. 
The present invention is broadly applicable to 
processing logic implemented by Very Large Scale 
Integration (VLSI) of (e.g CMOS devices) on a 
silicon substrate. The general logic circuit shown in 
Figure 1 is symbolic of such processing logic. 
Therefore, for background information, this general 
logic circuit, which may include an example of 
logic in accordance with the present invention, will 
now be described. The general logic circuit con- 
sists of a multiple bit register block 3 for data 
storage and a combinatorial logic network 4 for 
data processing. The multiple bit register block 
consists of separate registers for storing feedback 
data 1. The feedback data is passed through the 
multiple bit LSSD register block to the com- 
binatorial logic in response to a non-overlapping 
clock stimulus 22, 23 produced by a clock gener- 
ator 5. As a result of such stimulus and additional 
input data 6, both the feedback data and data 
output 8 from the logic circuit can be refreshed. 

An LSSD register structure arranged in accor- 
dance with the present invention will now be de- 
scribed with reference to Figure 2. This register 
structure consists of separate registers for storing 
data groups associated with the logic circuit. For 
instance, register 30 is used to store data group A. 
Data bit a1 of data group A is stored in SRL latch 
36. First latch 31 of SRL array 36 loads data bit a1 
in response to a true state in the C clock signal 37 
occurring during a period for which address line Ca 
is also true. AND gate 33 prevents the C clock 
signal from clocking the first latches in the register 
when address line Ca is false. The register also 
includes a control latch 34 into which the state of 
the address line Ca is loaded in response to a true 
state in the C clock signal. Second latch 32 of SRL 
array 36 loads data bit a1 in response to a true 
state in the B clock signal 38 occurring during a 
period for which delayed address line Ca is also 
true. The state of delayed address line Ca is 
specified by the contents of the control latch. AND 
gate 35 prevents the B clock signal from clocking 
the second latches in the register when delayed 
address line Ca is false. More specifically, during a 



true state in the B clock signal, the state of the 
delayed address line Ca is the same as that of the 
address line Ca during the immediately preceding 
true state of the C clock signal. A "look ahead" 

5 clock structure is therefore provided whereby the B 
. clock signal only clocks the register in response to 
the C clock signal previously clocking the register 
which, in turn, is made possible by switching ad- 
dress line Ca to a true state. 

to Referring to Figure 2, it can be seen that this 

"look ahead" clock structure can be implemented 
in as many registers in the logic circuit as neces- 
sary. For instance, in Figure 2, another register 39 
for storing data group B has a similar topology to 

75 register 30 for storing data group A. However, in 
the case of data group B f the C and B clock 
signals clock register 39 subject to the status of 
address line Cb. Therefore, by way of the present 
invention, such address lines can now select which 

20 registers the B clock signal is applied to, in addi- 
tion to selecting which registers the C clock signal 
is applied to. It follows that this example of the 
"look ahead" clock structure can significantly re- 
duce the number of clock transitions to which reg- 

25 isters in the logic circuit are subjected. The degree 
of power reduction depends on the number of B 
clock cycles for which the address lines are true. If 
the address lines are true more often than they are 
false, the degree of power reduction will be accord- 

30 ingly small. It follows therefore, that' the present 
invention is particularly applicable to those logic 
circuits comprising a large number of registers for 
storing "set-up" parameters which are changed 
infrequently during normal operation. 

35 By way of another example of the present 

invention, another LSSD register structure is shown 
in Figure 3. This register structure has a similar 
"look ahead" clock function to that described in the 
preceding paragraphs. However in this case an 

40 alternative "look ahead" clock structure is em- 
ployed. This alternative "look ahead" clock struc- 
ture will now be described with reference to Figure 
3 in which register 50 is for storing the data group 
A as used in the description of the previous exam- 

45 pie. Data bit a1 is stored in SRL 54. First latch 55 
of SRL 54 loads data bit a1 in response to a true 
state in the C clock signal occuring during a period 
for which both address line Ca and I/O write line W 
53 are true. AND gate 56 prevents the C clock 

so signal from clocking the first latches in register 50 
except when I/O write line W and address line Ca 
are true simultaneously. Second latch 57 of SRL 
array 54 loads data bit al in response to a true 
state in the B clock signal occurring during a 

55 period for which delayed I/O write line w' is also 
true. The state of delayed I/O write line w' is 
specified by the contents an I/O write latch 52 
which loads the state of the I/O write line W in 
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response to a true state in the C clock signal. AND 
gate 58 prevents the B clock signal from clocking 
the second latches in register 50 when the delayed 
I/O write bit W' is false. AND gate 58 and the I/O 
write latch implement a "look ahead" clock function 5 
which can not only prevent the B clock signal from 
clocking register 50, but also from clocking register 
51, which is for storing data group B, and into 
which data group B can be loaded in only when 
address line Cb is true during a true state in the C 70 
clock signal. In this structure, a "look ahead" clock 
function can be implemented in as many registers 
in the logic circuit as necessary via the addition of 
a single control latch, a single AND gate, and a 
single additional I/O write bit. By contrast, in the 15 
example of the present invention described in the 
preceding paragraphs, each register was assigned 
individual B clock suppression logic consisting of 
separate latch and AND gate. The example of the 
present invention described in this paragraph is 20 
therefore a less complicated implementation. The 
degree of power reduction provided by this struc- 
ture depends on the number of B clock cycles for 
which the I/O write bit is true. The I/O write bit is 
true when signifying a change in data stored in the 25 
registers. If the I/O write bit is true more often than 
it is false, the degree of power reduction will be 
accordingly small. However, as stated in the pre- 
ceding paragraphs, such circumstances are un- 
likely to arise in logic circuits having a large num- 30 
ber of registers for storing "set-up" parameters 
which are changed infrequently during normal op- 
eration. 

The clock signal timing diagram shown in Fig- 
ure 4 illustrates an example phase relationship be- 35 
tween the C clock signal 71 and the B clock signal 
70 for clocking the register structures shown in 
Figure 2 and Figure 3. Logic circuits produced by 
interconnecting CMOS devices contain parasitic 
impedances which give rise to signal delays. Such 40 
delays can cause spurious signals to propagate 
through the logic circuit. It is therefore necessary to 
define a "settling" interval t1 after each true state 
72 of one clock signal during which the other clock 
signal is held false. 4S 

For the purpose of illustrating the present in- 
vention, the register structures described herein- 
before are composed of LSSD register latches; 
each latch being fabricated by the very large scale 
integration of CMOS devices. It will be appreciated, so 
however, that the present invention is not limited in 
application to such logic circuits. Clearly, the 
present invention is applicable to any logic circuit 
in which data is processed in response to a set of 
non overlapping clock signals and from which pow- 55 
er is dissipated during periods of transience in 
such clock signals. 



Claims 

1. A logic circuit comprising a plurality of registers 
(30,39); each register (30) having first register 
latches (31,41) for clocking data into the register 
(30) in response to a first clock signal (37) and 
second register latches for clocking data out of the 
register in response to a second clock signal (38), 
and combinatorial logic comprising address logic 
(4) for addressing data to a register and first sup- 
pression logic (33) for inhibiting the first clock 
signal input to the register in response to the 
address logic, wherein the logic circuit further com- 
prises second suppression logic (34,35) for inhibit- 
ing the second clock signal input to the register in 
collective response to the address logic and the 
first clock signal. 

2. A logic circuit as claimed in claim 1 wherein the 
second suppression logic comprises a plurality of 
control latches (34,40); each latch corresponding to 
a register for responding to the first clock signal, 
by storing an address bit for addressing data to the 
register; the address bit being generated by the 
address logic. 

3. A logic circuit as claimed in claim 2 wherein the 
second suppression logic comprises a plurality of 
control gates (35,42); each control gate corre- 
sponding to a register for admitting the second 
clock signal to the register subject to a correspond- 
ing control latch containing a particular bit value. 

4. A logic circuit as claimed in claim 1 wherein the 
second suppression logic comprises one control 
latch (52) for responding to the first clock signal by 
storing a write bit (53) generated by the address 
logic. 

5. A logic circuit as claimed in claim 4 wherein the 
second suppression logic comprises one control 
gate (58) for admitting the second clock signal to 
the registers subject to the control latch containing 
a particular bit value. 

6. In a logic circuit, comprising a plurality of regis- 
ters; each register having first register latches for 
clocking data into the register in response to a first 
clock signal and second register latches for cloc- 
king data out of the register in response to a 
second clock signal, and first suppression logic for 
inhibiting the first clock signal input to the register 
in response to address logic, a method for inhibit- 
ing the second clock signal comprising the steps 
of: 

storing address bits in a plurality of control latches 
in response to the first clock signal; each latch 
corresponding to a register storing an address bit 
for addressing data to the register; the address bit 
being generated by the address logic, 
gating the second clock signal by gating means 
comprising a plurality of control gates; each control 
gate corresponding to a register for admitting the 
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second clock signal to the register subject to a 
corresponding control latch containing a particular 
bit value; 

7. In a logic circuit, comprising a plurality of regis- 
ters; each register having first register latches for 5 
clocking data into the register in response to a first 
clock signal and second register latches for cloc- 
king data out of the register in response to a 
second clock signal, and first suppression logic for 
inhibiting the first clock signal input to the register w 
in response to address logic, a method for inhibit- 
ing the second clock signal comprising the steps 
of: 

storing a write bit in one control latch in response 

to the first clock signal; the write bit being gen- 75 

erated by the address logic. 

gating the second clock signal by gating means 
comprising a control gate for admitting the second 
clock signal to the registers subject to the control 
latch containing a particular bit value. 20 
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